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ABSTRACT
We determine the off-shell N = 1 supersymmetry transformation rules for a tensor-
Yang-Mills system in which the tensor field transforms in a nontrivial representation
of the Yang-Mills group, and there is an additional vector multiplet in the same repre-
sentation. We then show that this system describes a massive tensor multiplet coupled
to Yang-Mills in which the additional vector multiplet is eaten by the tensor field.
Next, we construct an action which consists of four separately off-shell supersymmetric
pieces and find that integrating out the auxiliary fields gives rise to an infinite number
of higher order couplings of the scalar field belonging to the tensor multiplet. We de-
scribe the dualization of the massive tensor to a massive vector, thereby ending up with
an on-shell supersymmetric nonabelian massive vector multiplet coupled to an off-shell
Yang-Mills multiplet which we refer to as the supersymmetric Proca-Yang-Mills sys-
tem. This description of massive vectors is contrasted with the standard one obtained
through the Higgs mechanism.
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1 Introduction
In this paper, we construct N = 1, D = 4 off-shell supersymmetric couplings of nV
vector multiplets and nT tensor multiplets in such a way that the combined system
is invariant under a semi-simple gauge group G and the tensor fields transform in a
non-trivial representation of G. The bosonic sector of this construction is based on the
tensor hierarchy formalism [1] and it implies that, up to a number of tensor multiplets
which are singlets of G, the system describes an off-shell Yang-Mills multiplet coupled
to an off-shell massive tensor multiplet. The case of a single massive tensor, singlet
under G, has already been constructed by other methods in [2, 3], and partial results
have been obtained for the nonabelian case in [4]. In addition to an off-shell invariant
containing the kinetic terms, we construct two additional off-shell invariants, one of
which contains a mass term and another containing a topological “theta” term for the
2-form potential. We find that the elimination of the Yang-Mills multiplet auxiliary
fields leads to an infinite number of terms in even powers of the tensor multiplet scalar
fields. This nonpolynomial structure is due to the nonabelian nature of the massive
tensors, and these terms disappear in the abelian case. We also show how the full off-
shell N = 1, D = 4 supersymmetry transformations for the tensor-Yang-Mills system
follow from a similar system in D = 6 with N = (1, 0) supersymmetry [5, 6] upon
dimensional reduction on a 2-torus followed by a truncation.
It is known that a massive tensor field in 4D is on-shell dual to a massive vector field.
This dualization has been carried out for the system where all 2-form potentials are
singlets of G [2, 3]. Here, we generalize the dualization procedure to the case in which
the 2-form potentials are in a nontrivial representation of G, thereby ending up with
1
the couplings of on-shell nonabelian massive vector multiplets to off-shell Yang-Mills
multiplets, which we will refer to as the supersymmetric Proca-Yang-Mills system.
It is interesting to compare this model with the supersymmetric Yang-Mills-Higgs
system in which the massive vector multiplet arises by means of Higgs mechanism.
The latter models contain also massive scalar multiplets. We show that these can’t
be truncated while preserving supersymmetry. Thus, the Proca-Yang-Mills system
presented here provides an alternative Higgsless model for a description of massive
vectors coupled to Yang-Mills. However, the tree-level scattering amplitude grows with
energy for the longitudinal components of the massive vectors which means break-down
in unitarity at high energies, unlike the situation in the Yang-Mills-Higgs model where
the additional couplings of the Higgs scalars restore unitarity [7, 8, 9]. Motivated by an
attempt to fix the tree-level unitarity problem in a bosonic Higgsless model where new
couplings involving a 2-form potential are considered [10], in Appendix B we extend
the four parameter supersymmetric tensor-Yang-Mills system described in Section 3
by introducing two new off-shell invariants, which is possible if we take the 2-form
potential in the adjoint representation. In this extended model new couplings relevant
to the unitarity issue arise though a further study is required to determine whether
they are sufficient to restore tree-level unitarity.
2 The tensor hierarchy and supersymmetry
Consider the coupling of nV vector and nT tensor off-shellN = 1, D = 4 supermultiplets
consisting of fields
{Arµ, λr, Dr} , r = 1, ..., nV ,
{BIµν , χI , φI} , I = 1, ..., nT , (2.1)
where the spinors are Majorana. The full covariant non-abelian field strengths are [1]
F rµν ≡ 2∂[µArν] − fstrAsµAtν + hrI BIµν ,
HIµνρ ≡ 3D[µBIνρ] + 6 dIrsAr[µ∂νAsρ] − 2fpqsdIrsAr[µApνAqρ] , (2.2)
in terms of the antisymmetric structure constants fst
r = f[st]
r, a symmetric d-symbol
dI rs = d
I
(rs), and the tensors h
r
I inducing general Stu¨ckelberg-type couplings among
forms of different degree. We use canonical dimensions such that a p-form has mass
dimension p and as a result all constant tensors fst
r, dI rs and h
r
I , are dimensionless.
The covariant derivatives are defined as Dµ ≡ ∂µ − ArµXr with an action of the gauge
generatorsXr on the different fields given by Xr ·Λs ≡ −(Xr)tsΛt, Xr ·ΛI ≡ −(Xr)J IΛJ ,
etc. The field strengths (2.2) are defined such that they transform covariantly under
the set of non-abelian gauge transformations [1]
δArµ = DµΛ
r − hrIΛIµ ,
δBIµν = 2d
I
rsA
r
[µ δA
s
ν]2 +D[µΛ
I
ν] − 2 dIrs ΛrF sµν . (2.3)
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This vector/tensor gauge system is completely defined by the choice of the invariant
tensors hrI , d
I
rs, and frs
t. Consistency of the tensor hierarchy, i.e. covariance of the field
strengths (2.2) requires that the gauge group generators in the various representations
are given by [1]
(Xr)s
t = (XVr )s
t ≡ −frst + htI dI rs ,
(Xr)I
J = (XTr )I
J ≡ 2 dJrshsI . (2.4)
Further constraints follow from closure of the algebra (or generalized Jacobi identities)
[Xr, Xs] = −(Xr)stXt and gauge invariance of the tensors hrI and dI rs. Upon the use
of these invariance conditions together with (2.4), the generalized Jacobi identities take
the equivalent form [1, 5, 6]
frs
thrI − dJrs htJhrI = 0 , (2.5)
f[pq
ufr]u
s − 1
3
hsI d
I
u[pfqr]
u = 0 , (2.6)
hsIh
r
K d
J
rs = 0. (2.7)
For an arbitrary matrix hrI , we can choose a basis in the space of vector and two-
form tensor fields according to a split Arµ −→ {Aαµ, Aaµ} and BµνI −→ {Bµνa′ , Bµνa},
such that the matrix hrI takes diagonal form [6]
hrI =
(
hαb
′
hαb
hab
′
hab
)
=
(
0 0
0 δab
)
, (2.8)
with indices a = 1, . . . , rank(h) and indices α, and a′ labeling the complement of the
spaces of vector and tensor fields, respectively. In this basis the constraints (2.5) –
(2.6) translate as follows: the components fαβ
γ are the structure constants of a Lie
algebra g, satisfying standard Jacobi identities. Moreover, we find that [6]
fab
c = 0 , fab
α = 0 , faα
β = 0 , fαa
b = −1
2
(Tα)a
b ,
dcab = 0 , d
b
αa =
1
2
(Tα)a
b , (2.9)
where Tα are the generators of the Lie algebra g in some representationR, i.e. [Tα, Tβ] =
fαβ
γ Tγ, with dimension dimR = rank(h) . Together, we deduce that the generators
(2.4) take the form [6]
XVα =
( −fαβγ −fαβb + dbαβ
0 (Tα)a
b
)
, XVa = 0 , (2.10)
in the vector sector, and
XTα =
(
0 0
2db′αa (Tα)a
b
)
, XTa = 0 , (2.11)
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in the tensor sector. Thus, the generalized Jacobi identity reduces to [Xα, Xβ] =
fαβ
γ Xγ. To summarize, we have solved the original system of constraints by an explicit
choice of basis and without any loss of generality with (2.8) and (2.9), where all non-
vanishing tensors are invariant under the action of the generators (2.10) and (2.11),
forming the Lie algebra g with structure constants fαβ
γ.
So far the solution of the constraints reviewed above is general. At this point, we
will restrict to the case of a semi-simple Lie algebra g and non-trivial representations
Tα. In this case, by proper choice of basis, the matrices Xα from (2.10), (2.11) can be
taken to be block-diagonal, i.e.
fαβ
b = 0 = dbαβ , db′αa = 0 , (2.12)
and the generators take the form
XVα =
( −fαβγ 0
0 (Tα)a
b
)
, XTα =
(
0 0
0 (Tα)a
b
)
(2.13)
which shows that the representation R′ carried by the the 2-form potentials Bµνa′ is
trivial.
In summary, the only non-vanishing components of the h, f, d tensors are
fαβ
γ , hab = δ
a
b , fαa
b = −1
2
(Tα)a
b , dbαa =
1
2
(Tα)a
b , dc′αβ = dc′ηαβ , (2.14)
where fαβ
γ and ηαβ are the structure constants and Cartan-Killing form of a semi-
simple Lie algebra g, respectively, and dc′ are arbitrary constants. The resulting model
has the fields
(Aαµ, λ
α, Dα) , (Aaµ, λ
a, Da) , (Baµν , χ
a, φa) , (2.15)
and a set of gauge singlet tensor multiplet fields (Bµνa′ , χa′ , φa′) where the indices
(α, a, a′) label the adjoint representation, an irreducible representation R and singlets
of g, respectively. The field equations for the singlet tensor multiplet of fields can be
easily deduced from the results for non-abelian tensor multiplets, and therefore we shall
leave them out.
The explicit bosonic field strengths are now given by1
Fαµν = 2∂[µAαν] − fβγαAβµAγν ≡ F αµν , (2.16)
Faµν = 2D[µAaν] − (Tα)baAα[µAbν] +Baµν ≡ Baµν , (2.17)
Haµνρ = 3D[µBaνρ] . (2.18)
The vector and tensor gauge-transformations are given by
δAαµ = DµΛ
α ,
δAaµ = DµΛ
a − Λaµ ,
δBaµν = 2D[µΛ
a
ν] − Tαba
(
ΛαBbµν + ΛbF αµν − Aα[µδAbν] − Ab[µδAαν]
)
. (2.19)
1 In the particular case, when R is the adjoint representation, this gauge structure was considered
in [11].
4
This implies that the massive tensor field B transforms as a Yang-Mills covariant field
strength
δBaµν = −TαbaΛαBbµν . (2.20)
The scalar fields φa transform the same way as Baµν under the gauge transformations,
and their covariant derivative takes the form
Dµφ
a = ∂µφ
a + AαµTαb
aφb . (2.21)
Turning to supersymmetry, the results summarized above for the bosonic tensor-
Yang-Mills system shows that the coupling problem we started with amounts to con-
structing the coupling of the following multiplets
Off-shell Yang-Mills Multiplet: (Aαµ, λ
α, Dα) , (2.22)
Off-shell Massive Tensor Multiplet: (Baµν , χa, φa, λa, Da) . (2.23)
Note that the tensor field Baµν has eaten the vector A
a
µ to become the massive tensor
Baµν through the Stu¨ckelberg mechanism.
The supersymmetry transformation rules of the off-shell Yang-Mills multiplet are
well known and are given by
δAαµ = −ǫ¯γµλα ,
δλα =
1
8
F αµν γ
µνǫ+
i
2
Dα γ5ǫ
δDα =
i
2
ǫ¯γ5 /Dλ
α . (2.24)
As for the supersymmetry transformation rules for the massive tensor multiplet, so far
they have been determined fully only for an abelian version of the multiplet. Here we
present the full result for the nonabelian case, by which we mean that all the members
of the multiplet, including the tensor field, carry the same and nontrivial representation
of the semi-simple gauge group G. In addition to employing the Yang-Mills covariant
field strengths described above, and covariantizing derivatives of the fermions as well by
employing the Yang-Mills gauge field Aαµ, we find that we need higher order fermionic
terms in the transformation rule for the tensorino in which the Yang-Mills gaugino
fields appear explicitly. To determine the full result, we establish the off-shell closure
of the supersymmetry algebra on all the members of the massive tensor-Yang-Mills
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multiplet, and we thus find2
δBaµν = 2ǫ¯γ[µDν]λa − ǫ¯γµνχa
δφa = ǫ¯χa
δχa =
1
24
Haµνρ γµνρǫ+
1
4
/Dφa ǫ− 1
2
Tαb
a (γµλ(α) ǫ¯γµλ
b) +
1
4
Tαb
a (γµγ5ǫ) λ¯
αγµγ5λ
b
δλa =
1
8
Baµν γµνǫ+
i
2
Da γ5ǫ+
1
4
φa ǫ
δDa =
i
2
ǫ¯γ5 /Dλ
a − i
2
ǫ¯γ5χ
a . (2.25)
Though we will only work in terms of Baµν we give for completeness the supersymmetry
transformation of Baµν and A
a
µ:
δBaµν = −ǫ¯γµνχa − TαbaAα[µ ǫ¯γν]λb − TαbaAb[µ ǫ¯γν]λα
δAaµ = −ǫ¯γµλa . (2.26)
In Appendix A, we describe an alternative derivation of (2.25) by a dimensional
reduction from six dimensions, followed by a consistent truncation, of N = (1, 0)
superconformal tensor-Yang-Mills system described in [5, 6]. It is also useful to note
that in the abelian limit of the supersymmetry transformation (2.25), the ǫλ2 terms in
δχa are absent and all the covariant derivatives become ordinary partial derivatives.
3 Action for nonabelian massive tensor-Yang-Mills
system
To write an action we must introduce also a massive tensor multiplet transforming in
the conjugate representation, unless the representation happens to be self-conjugate.
These fields will be denoted by lower indices, and thus we have
Off-shell Massive Conjugate Tensor Multiplet: (Bµνa, χa, φa, λa, Da) . (3.1)
The supersymmetry transformations of these are obtained from those given above by
hermitian conjugation according to the rules:
V a = (Va)
† , (Tαb
a)† = −Tαab , (3.2)
where Va is a generic field. We now wish to construct a Lagrangian for the massive
tensor coupled to Yang-Mills. The off-shell N = 1 super Yang-Mills Lagrangian is the
standard one. We construct three new off-shell invariants involving the massive tensor
multiplet and its interaction with the off-shell Yang-Mills. The final result is
L = Lbos + Lferm , (3.3)
2In our conventions ηµν = diag(−1,+1,+1,+1) and γµνρσ = iεµνρσγ5. A crucial Fierz identity
is (Cγµ)α(β (Cγ
µ)γδ) = 0, where C is the anti-symmetric charge conjugation matrix with C
2 = −1.
More generally we have ψχ¯ = − 14 ψ¯χ− 14 ψ¯γ5χγ5 + 14 ψ¯γµχγµ − 18 ψ¯γµνχγµν + 14 ψ¯γµγ5χγµγ5 .
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where
Lbos = −1
4
F αµνF
µν
α + 2D
αDα − 1
6
HaµνρHµνρa −DµφaDµφa
− 1
2
Tαb
a
(
φbBµνa Fαµν + 8φaDbDα − (a↔ b)
)
− 1
2
m2
(BaµνBµνa + 2φaφa − 8DaDa)
− 1
8
θm2
(
εµνρσBaµνBρσ a − 16φaDa + h.c.
)
, (3.4)
and
Lferm = −2λ¯α /Dλα − 4χ¯a /Dχa − 4m2λ¯a /Dλa
+4m2
(
λ¯aχa + λ¯aχ
a
)
+ 4iθm2
(
λ¯aγ5χa + λ¯aγ5χ
a
)
−Tαba
[
F αµν λ¯
bγµνχa + Bbµν λ¯αγµνχa +
1
3
Haµνρ λ¯αγµνρλb
− 6φb χ¯aλα + 2Dµφa λ¯αγµλb − 4φa λ¯b /Dλα + 4iDb λ¯αγ5χa
+ 4iDα λ¯bγ5χa − (a↔ b)
]
− 2T(αbaTβ)ac
(
2λ¯bγ5γ
µλβ λ¯cγµγ5λ
α + λ¯bγ5γ
µλc λ¯
βγµγ5λ
α
)
, (3.5)
where m 6= 0 is a mass parameter and θ is a dimensionless constant. The parts of
the total Lagrangian consisting of the terms that depend only on (Aαµ, λ
α, Dα), those
proportional tom2 and θm2 and the remainder, are separately off-shell supersymmetric
and Yang-Mills gauge invariant. It should not be too difficult to write the action in
superspace but we will not attempt to do this here. The abelian version of this action
(coupled to additional vectors and scalars) was considered in [3].
It is also worth observing that if we set m2 = 0, then the total Lagrangian does not
contain a kinetic term for λa and the B field equation
DρHaµνρ − TαbaφbF αµν = 0 (3.6)
gives an unwanted constraint, as can be seen by taking its divergence, which yields 3
Tαb
a
(
F νραHbµνρ − 2Dν(φbF αµν)
)
= 0 . (3.8)
This problem is avoided by letting m2 6= 0, in which case the B field equation now
implies a constraint on DµBµν which is a typical subsidiary condition for massive fields
(recall the standard Proca equation which implies that the vector is divergence free).
Taking m2 6= 0 also furnishes a kinetic term for λa.
3Note that using the equation of motion for the Yang-Mills gauge field,
DνF
µν
α + Tαb
a
(
Dν(φ
bBµνa − φaBµν b) + φbDµφa − φaDµφb +
1
2
BbνρHµνρa −
1
2
Bνρ aHµνρ b
)
= 0 , (3.7)
does not help.
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4 Integrating out the auxiliary fields
In this section we will show that when integrating out the auxiliary fields in (3.3) we
obtain an on-shell supersymmetric action which involves an infinite expansion in even
powers of φ. The equations of motion of the D’s are
m2Da = −1
2
θm2φa − Tαba
(
φbDα + iλ¯αγ5χ
b
)
, (4.1)
m2Da = −1
2
θm2φa + Tαa
b
(
φbD
α + iλ¯αγ5χb
)
, (4.2)
Dα = Tαb
a
(
φaD
b − φbDa + iλ¯bγ5χa − iλ¯aγ5χb
)
. (4.3)
Using the first two equations in the last one gives
Dα = − i
m2
GαβTβba
(
φa Tγc
bλ¯γγ5χ
c + φb Tγa
cλ¯γγ5χc −m2λ¯bγ5χa +m2λ¯aγ5χb
)
,(4.4)
where
Gαβ = (δαβ + 2m2φb (T(αTβ))baφa)−1 (4.5)
The representation matrices are defined such that T(αTβ) =
1
2dR
δαβ +
i
2
dαβγT
γ,
where dR is the dimension of the representation, so that for an SO(N) gauge group for
example, for which dαβγ = 0, we have Gαβ = (1 + (m2dR)−1φ2)−1 δαβ .
Using the expressions for the auxiliary fields in (4.1)-(4.5) in the Lagrangian (3.3)
we obtain, after some algebra, the on-shell Lagrangian
L = Lb + L2f + L4f , (4.6)
where the bosonic terms are
Lb = −1
6
HaµνρHµνρa −
1
4
F αµνF
µν
α −DµφaDµφa −
1
2
m2BaµνBµνa −M2φaφa
− 1
4
θm2εµνρσBaµνBρσ a −
1
2
Tαb
a
(
φbF αµνBµνa − φaF αµνBµν b
)
, (4.7)
with the M2 defined by
M2 = m2(1 + θ2) . (4.8)
The quadratic fermion terms are
L2f = −4χ¯a /Dχa − 4m2λ¯a /Dλa − 2λ¯α /Dλα + 4m2
[
λ¯a(1 + iθγ5)χa + λ¯a(1 + iθγ5)χ
a
]
− Tαba
[
− 6φb χ¯aλα + 1
3
Haµνρ λ¯αγµνρλb + Bbµν λ¯αγµνχa + F αµν λ¯bγµνχa
+ 2Dµφa λ¯
αγµλb − 4φa λ¯b /Dλα + 2iθφa λ¯αγ5χb − (a↔ b)
]
(4.9)
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and the quartic fermion terms are
L4f = −2(T(αTβ))ba
(
2λ¯bγ5γ
µλβ λ¯aγµγ5λ
α + λ¯bγ5γ
µλa λ¯
βγµγ5λ
α
)− 4
m2
(TαTβ)b
a λ¯αγ5χ
b λ¯βγ5χa
+
2
m4
Gβδ TβbaTδcd
(
Tαa
eφb λ¯αγ5χe + Tαe
bφa λ¯
αγ5χ
e +m2λ¯aγ5χ
b −m2λ¯bγ5χa
)
·
(
Tγf
c φd λ¯
γγ5χ
f + Tγd
f φc λ¯γγ5χf +m
2λ¯dγ5χ
c −m2λ¯cγ5χd
)
, (4.10)
where Gαβ defined in (4.5) is the source of nonpolynomial interactions of the scalar
fields with the fermions. The elimination of the auxiliary fields have given rise to the
θ2 dependent term in Lb and all the terms proportional to inverse powers of m in L2f
and L4f . All the terms of the form G×ψ2 have canceled, where ψ denotes the fermions.
The action of the Lagrangian (4.6) is invariant under supersymmetry transforma-
tions (2.24) and (2.25), with the substitutions (4.1)-(4.5). If we set θ = 0 and truncate
to cubic order in fields, the Lagrangian up to field redefinitions4 agrees with the La-
grangian given in [4], where the Lagrangian as well as the supersymmetry transforma-
tions were constructed only to this order.
5 Dualization to a massive vector
It is known that a single massive tensor is dual to a massive vector field. The dualization
was described in superspace in [3]. Here we will perform the corresponding dualization
in the non-abelian case. The first step is to implement the fact that H = DB by adding
to the Lagrangian
Lconstr. = 1
6
MεµνρσCaµ(3DνBρσ a −Hνρσ a) + h.c. , (5.1)
where Caµ and Cµa are Lagrange multiplier fields enforcing the constraint and the
coefficient is chosen for later convenience. In the new Lagrangian
L′ = L+ Lconstr. , (5.2)
where L is given in (3.3), H is treated as an independent field. The equation of motion
of Ba now reads
Baµν =M−1
(
θGaµν + ∗Gaµν
)−M−2 Tαba (φbF αµν − θφb ∗ F αµν − 2λ¯αγµν(1− iθγ5)χb) ,
(5.3)
where G = DC is the Yang-Mills covariant field strength of C and the Hodge dual is
given by ∗Gµν = 12εµνρσGρσ. The equation of motion of H reads
Haµνρ = MεµνρσCσ a − 2Tαba λ¯αγµνρλb . (5.4)
4The required field redefinitions are ρi → 2√2 i(mλa + m−1 Tαbaφbλα), ϕ →
√
2φ , Hµν →√
2mBµν , χ→ 2
√
2 iχ , λI → −2iλα together with g → m, Dµ → 1mDµ.
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The off-shell Lagrangian (3.3) as well as the on-shell one (4.6) give the same equations
for Bµν and Hµνρ. Therefore, we can substitute back these results in either Lagrangian.
For the convenience of having the Yang-Mills system off-shell, we use the expressions
for B and H in (3.3), together with the expression for Da (4.1), thereby obtaining
the full Lagrangian for the on-shell super Proca system coupled to off-shell Yang-Mills
given by:
L′ = L′b + L′2f + L′4f , (5.5)
where the bosonic terms are
L′b = −1
4
F αµνF
µν
α −
1
2
Gaµν (G
µν
a − θ ∗Gµνa )−DµφaDµφa −M2CaµCµa −M2φaφa + 2DαDα
− 1
2M
Tαb
a F αµν
(
θφbGµνa − φa ∗Gµνb − θφaGµνb + φb ∗Gµνa
)
− 1
2M2
(TαTβ)b
aφaφ
bF αµν
(
F µν β − θ ∗ F µν β
)
+
4
m2
(TαTβ)b
a φa φ
bDαDβ , (5.6)
the quadratic fermion terms are
L′2f = −2λ¯α /Dλα − 4χ¯a /Dχa − 4m2λ¯a /Dλa + 4m2
(
λ¯a(1 + iθγ5)χa + λ¯a(1 + iθγ5)χ
a
)
+
1
M
Tαb
a
(
iGµνa λ¯
αγµνγ5(1− iθγ5)χb − 6Mφa λ¯αχb − 2iMθφa λ¯αγ5χb
− 2iM2Cµa λ¯αγµγ5λb − 2MDµφa λ¯αγµλb + 4Mφa λ¯b /Dλα
−MF αµν λ¯bγµνχa − 4iMDα λ¯bγ5χa − (a↔ b)
)
+
1
M2
(TαTβ)b
a
(
φaF
β
µν λ¯
αγµν(1− iθγ5)χb + φbF αµν λ¯βγµν(1− iθγ5)χa
)
+
4i
m2
(TαTβ)b
a
(
φaD
β λ¯αγ5χ
b + φbDα λ¯βγ5χa
)
(5.7)
and the quartic fermion terms are
L′4f = − 2
M2
(TαTβ)b
a
[
2(1 + θ2)λ¯βγ5χa λ¯
αγ5χ
b + λ¯αγµν(1− iθγ5)χb λ¯βγµνχa (5.8)
+M2λ¯bγµγ5λ
α λ¯aγ
µγ5λ
β −M2λ¯bγµγ5λβ λ¯aγµγ5λα +M2λ¯bγ5γµλa λ¯βγµγ5λα
]
.
Equation (5.4) which expresses H in terms of C can be used to determine the super-
symmetry transformation of the massive vector field C. One finds
δCaµ =
im2
M
ǫ¯γµγ5(1 + iθγ5)λ
a +
i
M
ǫ¯γ5Dµχ
a +
i
M
Tαb
aφb ǫ¯γµγ5λ
α
+
i
M
ǫ¯γµγ5(γ
νDνχ
a −m2λa + . . .) , (5.9)
where the last term is proportional to the equation of motion for χ and, since in the
dualized model the supersymmetry algebra will be on–shell we will simply drop this
term. The other supersymmetry transformations are obtained by using the expressions
for B and H in terms of the vector field C in the supersymmetry algebra (2.25).
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The supersymmetry transformations which leave this action invariant are therefore
the standard ones for the off-shell Yang-Mills fields (2.24) together with the on-shell
supersymmetry transformation of the massive vector multiplet
δCaµ =
im2
M
ǫ¯γµγ5(1 + iθγ5)λ
a +
i
M
ǫ¯γ5Dµχ
a +
i
M
Tαb
aφb ǫ¯γµγ5λ
α
δφa = ǫ¯χa
δχa =
i
4
MCaµ γ
µγ5ǫ+
1
4
Dµφ
a γµǫ− 1
2
Tαb
a (γµλ(α) ǫ¯γµλ
b) − 1
4
Tαb
a (γµγ5ǫ) λ¯
αγµγ5λ
b
δλa =
i
8M
Gaµν γ
µνγ5(1− iθγ5)ǫ− 1
8M2
Tαb
a
(
φbF αµν − 2λ¯αγµνχb
)
γµν(1− iθγ5)ǫ
− i
2m2
Tαb
a
(
φbDα + iλ¯αγ5χ
b
)
γ5ǫ+
1
4
φa (1− iθγ5)ǫ . (5.10)
As a byproduct of the dualization of a massive tensor we have shown how to couple a
massive vector, transforming in a non-trivial representation of the gauge-group G, to
Yang-Mills. Note that this construction does not involve any scalar multiplets and is
therefore quite different from the usual approach via the Higgs mechanism. A more
detailed analysis of the differences will be presented in the next section. Note also that
if we integrate out the auxiliary field of the Yang-Mills multiplet Dα using equation
(4.4) and (4.5) we get an infinite series of terms involving powers of the scalar φ, both
in the supersymmetry transformations and in the action. If we had started with a
completely on-shell formulation we would therefore only have been able to construct
the model order by order in these terms.
It should be possible to find a completely off-shell description of this system. To do
this one should introduce the appropriate auxiliary fields to make the massive vector
multiplet off-shell. These consist of one complex and one real scalar. It should then be
possible to formulate this model in superspace. We leave this problem for the future.
6 Comparison to supersymmetric Higgs model
The supersymmetric Proca-Yang-Mills in the previous section contains only the massive
vector multiplet and the Yang-Mills multiplet, and in particular no scalar multiplets.
Here we shall compare this model with the supersymmetric Yang-Mills-Higgs model
which does contain scalar multiplets. We will see that, except in the abelian case,
the truncation of the scalar multiplets without breaking supersymmetry is not possi-
ble. Therefore the two models represent completely distinct ways of coupling massive
vectors to super Yang-Mills.
To be concrete we will analyze the specific example of breaking SU(n + 1) →
SU(n) × U(1) (n > 1) via a supersymmetric version of the Higgs mechanism, which
arises for example in supersymmetric GUTs [12]. The starting point is the (renormal-
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izable) Lagrangian
LHiggs = Tr
[
− 1
4
FµνF
µν − 2λ¯ /Dλ+
(
1
4
mψ¯ψL +
1
2
z ψ¯ψL + h.c.
)
− |f |2 − 1
2
D2
−1
2
DµzD
µz∗ − 1
2
ψ¯γµDµψL + 2i[z, ψ¯]λR − 2iλ¯[ψL, z∗]
]
, (6.1)
where
f ∗ = mz + zz − 1
n + 1
Tr(zz) , D =
1
2
[z, z∗] , (6.2)
and all fields are in the adjoint representation of SU(n + 1). The supersymmetry
transformations are given by
δAµ = −ǫ¯γµλ ,
δλ =
1
8
Fµν γ
µνǫ+
i
2
Dγ5ǫ
δz =
1
2
ǫ¯ψL
δψL = Dµz γ
µǫR + f ǫL (6.3)
where ψL =
1
2
(1+γ5)ψ. The conditions for a supersymmetric vacuum are the vanishing
of the f and D-terms. We can write a field in the adjoint representation as z = zi
j
where i, j = 0, . . . , n are indices of the (anti-)fundamental representation of SU(n+1).
With this notation we will consider the supersymmetric vacuum solution given by
〈zij〉 = 1
n− 1mδ
j
i −
n+ 1
n− 1mδ
0
i δ
j
0 , (6.4)
which corresponds to the breaking SU(n + 1) → SU(n) × U(1). Next we expand the
scalar field around this vacuum as
zi
j = 〈zij〉+ zˆij . (6.5)
Under the symmetry breaking the adjoint scalar zi
j splits up as zi
j = (z0
0, z0
b, za
0, za
b)
where a, b = 1, . . . , n is an SU(n) (anti-)fundamental index. An infinitesimal gauge-
transformation of the broken components of (z + z∗)i
j is given by
δ(z + z∗)0
a = iΛ0
i(z + z∗)i
a − i(z + z∗)0iΛia = 2i(n + 1)m
n− 1 Λ0
a + . . . (6.6)
and similarly for (z+z∗)a
0. This means that the real part of z0
a and za
0 can be gauged
away by a suitable gauge-transformation Λa
0 and Λ0
a. Therefore by performing a finite
gauge-transformation
U(ξ) = eiξ
aTa
0+iξaT0a , (6.7)
where T0
a and Ta
0 are the broken generators which don’t preserve the vacuum, we can
bring the scalar to the form
zi
j =
(
−n
n−1
m+ zˆ iφb
iφa
1
n−1
mδba − 1nδbazˆ + zˆab
)
. (6.8)
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Note that the scalars φa are now real, in the sense that (φa)
∗ = φa, the imaginary part
being eaten by the off-diagonal vectors which become massive. The off-diagonal part
of the SU(n + 1) gauge field is massive and denoted by
Caµ = (Aµ)0
a , Cµa = (Aµ)a
0 . (6.9)
Using this notation and (6.8) in (6.1), the resulting bosonic Lagrangian is
Lbos = −1
4
(
(F µν)a
b + 2iC [µa C
ν]b
)(
(Fµν)b
a + 2iCµbC
a
ν
)
− 1
2
Gµνa G
a
µν
− 1
4
(
F µν + 2iC [µaCν]a
) (
Fµν + 2iC
b
µCνb
)− |f |2 − 1
2
D2
− 1
2
∣∣∂µzˆ − Caµφa + Cµaφa∣∣2 − 12
∣∣∣∣Dµzˆab − 1nδba∂µzˆ − Cµaφb + Cbµφa
∣∣∣∣
2
− 1
2
∣∣∣∣Dµφa + n + 1n− 1mCaµ − n+ 1n zˆCaµ + Cbµzˆba
∣∣∣∣
2
− 1
2
∣∣∣∣Dµφa − n+ 1n− 1mCaµ + n+ 1n zˆ∗Caµ + Cbµzˆ∗b a
∣∣∣∣
2
, (6.10)
where Fµνa
b and Fµν are the standard SU(n) and U(1) field strengths, while
Gaµν = 2D[µC
a
ν] = 2∂[µC
a
ν] + 2iA[µC
a
ν] + 2iC
c
[µ(Aν])c
a . (6.11)
is the field strength of the massive vectors.
In order to make the comparison to the model of massive vectors considered in
the previous section we need to truncate the extra scalar multiplets. These consist of
the singlet zˆ and the SU(n) adjoint zˆa
b. To see if this truncation is consistent with
supersymmetry we should look at the corresponding supersymmetry transformations
coming from (6.3). These supersymmetry transformations have to be accompanied by
a compensating gauge-transformation with (we put ψ0
a ≡ χa and ψa0 ≡ χa)
Λa
0 = − i
2
Ra
b ǫ¯χb Λ0
a =
i
2
ǫ¯χbRb
a (6.12)
where
Ra
b =
(
2(n+ 1)
n− 1 mδ
a
b −
n+ 1
n
(zˆ + zˆ∗)δab + zˆb
a + zˆ∗b
a
)−1
(6.13)
in order to preserve the gauge (6.8). The full supersymmetry transformations for the
Yang-Mills multiplet (Aµa
b, λa
b), the massive Wess-Zumino multiplets (zˆa
b, ψa
b) and
(zˆ, ψ), and the massive vector multiplet (Caµ, φ
a, χa, λa) can be read off from (6.3)
by using (6.8) and the compensating gauge transformations of the fields with gauge
parameter given by (6.12). In particular, the supersymmetry transformations of the
scalar fields take the form
δzˆ =
1
2
ǫ¯ψL − i
2
φaRa
b ǫ¯χb − i
2
ǫ¯χbRb
a φa
δzˆa
b =
1
2
ǫ¯ψLa
b +
i
2
Ra
c ǫ¯χc φ
b +
i
2
φa ǫ¯χ
cRc
b − trace . (6.14)
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In a truncation where the scalar fields (zˆ, zˆa
b) are set to zero, we have Ra
b ∼ δba, and
consequently the vanishing of the variations δzˆ and δzˆa
b requires that χa φ
b+φa χ
b = 0.
This represents an unacceptable constraint on the fields of the massive vector multiplet.
Therefore we conclude that it is not possible (except in the abelian case) to truncate
out the additional scalars of the Higgs model and therefore to compare it to the model
considered in this paper. In the abelian case the comparison is trivial since all the
complicated non-linear terms disappear. The model obtained in this paper by dualizing
a massive tensor therefore gives a very different description of massive vectors coupled
to super Yang-Mills than that obtained through the Higgs mechanism.
Comparing the bosonic Lagrangians (5.6) with (6.10) shows another key difference.
As a test of the tree-level unitarity, considering the process CC → CC scattering,
we see that the model based on (6.10) furnishes the vertices C2A, CCz and C4, all
of which contribute at the tree level, giving a unitary result in the sense that upon
the substitution Cµ → kµ/m for the longitudinal components of the incoming and
outgoing massive vector bosons, all the terms that grow with energy cancel each other
out [7, 8, 9, 13]. In the model based on (5.6), however, there is only the C2A vertex
contributing to the same tree-level amplitude which then grows with energy for the
longitudinal components. Whether this problem with unitarity can be cured by further
extension of our model, or its interpretation as an effective field theory, remains to be
investigated.
Motivated by a bosonic Higgsless model where this issue has been studied [10], in
Appendix B we extend the four parameter supersymmetric tensor-Yang-Mills model
by introducing two new off-shell invariants, which are possible if we take the 2-form
potential in the adjoint representation.
7 Conclusions
In coupling nV vector multiplets to nT tensor multiplets such that gauge symmetry
based on a semi-simple group is realized and that the tensor fields transform in a
nontrivial representation of the gauge group, we have seen that the vector fields split
into two sets; one belonging to the adjoint representation of the gauge group, and the
other that is eaten by as many tensor fields which become massive. Thus we end up
with off-shell supersymmetric coupling of a Yang-Mills multiplet to off-shell massive
tensor multiplet carrying a nontrivial representation of the gauge group. The massive
tensor multiplet also contains scalar fields which are in the same representation. A
noteworthy feature of the resulting model is that the elimination of the auxiliary fields
needed for the off-shell closure of the algebra gives rise to nonpolynomial couplings of
scalar fields to the fermionic bilinears even though the kinetic terms for the scalars is
an ordinary one not involving any curved scalar manifold.
Dualization of the massive tensor to a massive vector produces a model in which
an on-shell massive nonabelian vector multiplet is coupled to an off-shell Yang-Mills
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multiplet. The two arbitrary parameters of the model are the mass M and the angle
θ. The θ → 0 limit exists but the M → 0 limit is singular. In the abelian limit the
M → 0 limit exists but the resulting Lagrangian is not supersymmetric.
The bosonic sector of the nonabelian model differs from a bosonic Yang-Mills-Higgs
system in which the Yang-Mills group G is broken down to H with massive vector
fields in representations of H , and presence of scalar multiplets. In the supersym-
metric Proca-Yang-Mills system, however, we start with a Yang-Mills group H from
the beginning and couple it to massive vector multiplets only without introducing any
scalar multiplets. We showed that a consistent supersymmetric truncation of the scalar
multiplets in the Yang-Mills-Higgs system is not possible, showing that the two models
are genuinely distinct. In Section 6, we discussed the issue of breakdown in tree-level
unitarity in the Proca-Yang-Mills system, which is of course absent in the Yang-Mills-
Higgs system. In Appendix B, we presented a 2-parameter extension of the model
which has implications for solving this problem though the full study of this extended
model remains to be done.
Possible generalizations of the massive tensor-Yang-Mills system presented here are
as follows. The tensor hierarchy can be extended to include the 3-form and 4-form
potentials. Non-semisimple groups may be considered for completeness. Coupling to
scalar multiplets would generalize the results of [3] where such couplings in the case of
the abelian model have been given. Coupling of the nonabelian model to supergravity
can be carried out and that would generalize the result of [14] where a single massive
vector multiplet, and [4] where a truncated version of our full non-abelian model have
been coupled to supergravity. Finally, the computation of the full tree-level amplitude
for the scattering of massive vectors in the extended model given in Appendix B, and
its implications for unitarity is an interesting open problem.
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A Dimensional reduction from D = 6
The supersymmetry transformations of the D = 4 N = 1 tensor-YM system considered
in this paper can be obtained from the corresponding N = (1, 0) supersymmetric
system in D = 6 [6]:
δφa = ǫ¯χa ,
δBaµν = 2 ǫ¯ γ[µDν]λa − ǫ¯γµνχa ,
δλi a =
1
8
γµνBaµνǫi −
1
2
Y ij aǫj +
1
4
φaǫi ,
δχi a =
1
48
γµνρHaµνρ ǫi +
1
4
γµDµφ
aǫi − 1
2
(Tα)b
a γµλi (α ǫ¯γµλ
b) ,
δY ij a = −ǫ¯(iγµDµλj)a + 2 ǫ¯(iχj)a . (A.1)
where i = 1, 2 and the spinors are symplectic-Majorana-Weyl. The D = 4 system is
obtained by making the following ansatz
σ2ǫ = γ5ǫ , τ2ǫ = γ5ǫ , σ2λ = γ5λ , τ2λ = γ5λ , σ2χ = γ5χ , τ2χ = −γ5χ ,
A4 = 0 , A5 = 0 , Bµ4 = 0 , Bµ5 = 0 , B45 ≡ ϕ , Yij = (iτ2)ij D , (A.2)
where we have suppressed the representation indices, D is a real scalar, the Pauli τ -
matrices act on the R-symmetry indices and the Pauli σ-matrices act on the SO(2)
doublet indices where SO(2) is contained in SO(5, 1) ∼ SO(3, 1)×SO(2). We also use
the convention by which the 6D Dirac Γ-matrices are Γµ = γµ × 1 ,Γ4 = γ5 × σ3 and
Γ5 = γ5 × σ1. The resulting N = 1, D = 4 supersymmetry transformation rules are
δφa = ǫ¯χa ,
δϕa = iǫ¯γ5χ
a ,
δBaµν = 2ǫ¯ γ[µDν]λa − ǫ¯γµνχa ,
δχa =
1
48
Haµνρ γµνρǫ+
i
8
Dµϕ
a γµγ5ǫ+
1
4
Dµφ
a γµǫ− 1
2
(Tα)b
a γµλ(α ǫ¯γµλ
b) ,
δλa =
1
8
Baµν γµνǫ+
i
4
ϕa γ5ǫ+
i
2
Da γ5ǫ+
1
4
φa ǫ ,
δDa =
i
2
ǫ¯γ5γ
µDµλ
a − iǫ¯γ5χa . (A.3)
This is not yet the off-shell system that we want since there is an extra scalar ϕa. It
turns out that the closure of this algebra requires, among other things, that
Dµϕa =
1
6
εµνρσHaνρσ − 2i(Tα)ba λ¯bγµγ5λα . (A.4)
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Using this fact in the expression for δχa and performing the shift Da → Da − 1
2
ϕa we
obtain the algebra
δφa = ǫ¯χa ,
δBaµν = 2ǫ¯ γ[µDν]λa − ǫ¯γµνχa ,
δχa =
1
24
Haµνρ γµνρǫ+
1
4
Dµφ
a γµǫ− 1
2
(Tα)b
a (γµλ(α) ǫ¯γµλ
b) ,+
1
4
(Tα)b
a (γµγ5ǫ) λ¯
bγµγ5λ
α
δλa =
1
8
Baµν γµνǫ+
i
2
Da γ5ǫ+
1
4
φa ǫ ,
δDa =
i
2
ǫ¯γ5γ
µDµλ
a − i
2
ǫ¯γ5χ
a . (A.5)
This coincides with the algebra in (2.25).
B An extension of the model
In Section 6, we compared our Higgsless model based on (3.3) for the description of
supersymmetric Proca-Yang-Mills system with the supersymmetric Yang-Mills-Higgs
system and we noted the presence of divergences in the tree level amplitude for the
scattering of the longitudinally polarized massive vectors in the Higgsless model. One
attempt in constructing a Higgsless model that avoids this problem is based on the
Lagrangian [10]
L = Tr (−1
4
F 2 +
1
12
H2 +mB ∧ F ) , (B.1)
where F = dA + A2 and the 2-form potential has the field strength H = dB + [A,B].
Diagonalization of the kinetic terms gives a massive vector boson and the potential
divergences in the scattering of two such longitudinally polarized vectors turn out to
cancel out [10]. An important shortcoming of this model not addressed in [10] is that
the divergence of the the field equation for the 2-form potential gives an unacceptable
constraint; see the discussion around (3.6) above, where this type constraint is avoided
by introducing an explicit mass term for the 2-form potential. Nonetheless, given that
new couplings relevant for the unitarity issue arise due the B ∧ F term in (B.1), here
we shall extend our supersymmetric Proca-Yang-Mills model by considering the case
when the massive supermultiplet is taken to be in the adjoint representation of the
gauge group. In this case, the following two invariants can be added to the action (3.3)
(where needed we use subscripts 1, 2 to distinguish fields of the Yang-Mills and tensor
multiplet respectively)
Lextra = αmTr
(BµνF µν − 8λ¯1χ+ 8λ¯1 /Dλ2 − 8D1D2)
+βmTr
(
εµνρσBµνFρσ − 16iλ¯1γ5χ+ 8φD1
)
. (B.2)
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Adding this Lagrangian to that given in (3.3) gives the total bosonic Lagrangian
L′′bos = Tr
(
−1
4
FµνF
µν − 1
6
HµνρHµνρ − 1
2
Bµν
(
m2Bµν + θm2 ∗ Bµν − 2mαF µν − 4mβ ∗ F µν)
−DµφDµφ−m2φ2 + 4mφ (2βD1 + θmD2) + 2
(
D21 − 4mαD1D2 + 2m2D22
)
−φ[Fµν ,Bµν ] + 8φ[D1, D2]
)
. (B.3)
Integrating out the auxiliary fields gives, modulo the fermions,
D1 = 2m(αD2 − βφ) + 2[φ,D2] (B.4)
m2D2 = −1
2
θm2φ− [φ,D1] +mαD1 . (B.5)
Solving for Dα1 = 2Tr (T
αD1), up to fermions, gives
Dα1 = −m (θα + 2β)
(
δαβ − 2α2δαβ + 2
m2
fαγ
δfβδ
κ φγφκ
)−1
φβ , (B.6)
and substitution into (B.5) gives D2. Note that, unlike in the case of the model given
in section 3, here the elimination of the auxiliary fields generate a potential.
Upon dualizing the massive 2-form potential to a massive vector field, the resulting
bosonic terms in the Lagrangian take the form
L′bos = Tr
[
− 1
4
FµνF
µν +
m2
2M2
(α2 + 4θαβ − 4β2)FµνF µν −M2CµCµ
− m
2
2M2
(θα2 − 4αβ − 4θβ2)Fµν ∗ F µν − 1
2
Gµν (Gµν − θ ∗Gµν)
+
m
M
F µν
[
(θα− 2β)Gµν + (α + 2θβ) ∗Gµν
]
−DµφDµφ−m2φ2
+ 2D21 + 8mβ φD1 − 8mαD1D2 + 4θm2φD2 + 4m2D22
+
1
M
φ [∗Gµν , F µν − θ ∗ F µν ] + 8φ[D1, D2]
]
− 1
4M2
fαγ
κfβκ
δ φδφ
γF µν α(F βµν − θ ∗ F βµν) . (B.7)
Substituting for D1 and D2 the expressions given in (B.6) and (B.5) yields a potential
that vanishes in the absence of the parameters α and β. Considering the tree level
amplitude for the CC → CC scattering, we observe that, in addition to the C2A
vertex which contributes to the tree graph, the introduction of the (α, β) parameters
gives rise to a mixing AC which together with the usual A3 and A4 couplings, gives
rise to new contributions. However, a detailed computation and analysis of the tree
level CC → CC scattering amplitude remains to be performed.
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